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Abstract 
The mine subsidence happened in Shandong province will be investigated and analyzed as a case study. According to 
the field survey study, the numerical model is established with PFC. Determining the micromechanics of rock 
parameters by uniaxial testing, the meso-structural features of rock and soil and the macro-mechanical response of 
those are linked. The model simulates the process of subside and calculates the distribution of contact force and 
displacement of ore particles, which have a good consistency in comparison with the actual survey data. Thus this 
method used into the mechanical analysis of collapse process, the displacement of ore and rock and so on, is effective. 
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1. Introduction 
In order to meet the demands of advancing science and technology, different verities of minerals 
required to be mined, but the mining subsidence caused by the exploitation, which in turn causes 
significant harm and damage to the production, mine workers and facilities on the ground. Mine 
subsidence is a serious threat to mine safety, which has different degrees of damage on the natural 
environment on the surface, and even a direct impact on personal and property safety [1].  
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The major risk in underground mineral is the overall instability of the mined area, resulting in the 
surface subsidence and cracking, a huge gas blast, seismic waves, destruction of surface and underground 
industrial facilities and significant personal injury [2]. The collapse process can be divided into two stages: 
the first stage is that the overlying rock of gob takes through the surface, similar to an oval upright-side-
wall collapse pit; the second stage is that the collapse pit expands outward, until the weight of sliding rock 
is less than the friction of slip plane, forming the stable state. 
Particle flow code in 2D (PFC2D) simulates the movement of round particles and their interaction with 
the discrete element method. It uses numerical methods to divide objects into hundreds of representative 
particles, after comprehending the mechanical properties of particles with the use of particle models, and 
solves real problems containing complex deformation by using continuous medium. At the same time it 
can handle a wide range of material constitutive relation, interaction guidelines, and any geometric shape. 
There was a sudden ground collapse accident in a chemical plant located within a range of mining area 
on November 6, 2007, Shandong Province. For this accident, the numerical model is established 
according to the real circumstance of mine subsidence with PFC2D. And the simulation method studying 
the mine subsidence with the theory of particle flow is preliminarily feasible. 
2. Overview 
2.1 Accident Process 
 First point, initial caving underground 
There happened caving events underground shortly afternoon on November 4. The 402,403 room in 
middle of -283m had local mine caving phenomenon. There was 3~5t rock caving at the level of 250m 
and the main roadway at -150m had not been passed. 
 Second point, development of underground caving 
The main roadway at -150m had been blocked and about 20m more was taken off in the morning of 
November 5. There were wind traces on the soil surface from the gob to the roadway and there was not 
subsidence on the ground. 
 Third point, surface collapsed 
The surface collapsed at 9:20a.m. , November 6. There was a loud sound 5 minutes before the collapse 
and surface took off immediately. The diameter of the crater was about 40m, with dust flying for 2 
minutes, height greater than 20m. 
 Fourth point, collapse stabilized 
The collapse pit further expanded and the northern plant fell into the pit at 2:40 am on November 7. 
Three days later, the diameter of collapse pit extended to 80m and there were a few meters long and 2mm 
wide cracks on the ground surface. The collapse pit expanded to about 100m in diameter, the foundation 
of the southern building slowly began to sinking and the stairs were uplifted on December 30. 
2.2 Mine Situation around the Subsidence 
The mining elevation is -100~-590m, area 0.11km2 and the surface elevation is about +30m. The main 
mining method is block chambering, supplemented with shrinkage method, stage height of 50m, segment 
height 12~13m. All mine ore is divided into four groups, occurrence of elevation between the -42 ~-309m. 
The deposit is mainly located in Carboniferous strata, including Benxi and Taiyuan Formation 
sandstone and shale interbedded thin-bedded limestone. Lithology in the deposit from the old to the new 
is: President Carboniferous Benxi Formation, Carboniferous Taiyuan Formation, the quaternary. Deposit 
structure formed asymmetric “basin-shaped” structure; syncline structure axis fractures are well 
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developed. Carboniferous hornfels and sandstone are in the basin, mainly with diorite below the basin. 
Three kinds of rock are solid with high hardness but with faults developed within the deposit, resulting in 
poor stability of broken sections of rock. 
The main ore body under ground subsidence was No.Ⅰ, Ⅲ and Ⅳore body. No.Ⅰore body was at the 
elevation of -84~-110m, with thickness of 3 ~11m, the hornfels roof, the skarn floor, to the north 80 º 
west, north-east orientation, angle of 11 º. The ore body trended 300m and tended to extend 105m deep. 
No. Ⅲ ore body was “concave bowl” shape, produced in the contact zone with Carboniferous strata 
and diorite, to the north 50 º east, 370m long, the maximum width of 240m, general 180m or so,  gentle 
angle, complex shape, changing thickness, the maximum thickness of 30m, an average of 13.0m. 
No.Ⅳ ore body was mainly located at the elevation of -224 ~-305m. 
The ore body below the level of -150m was mainly mined. The 210,211,213,214,215,301 and 302 
rooms at the level of -150m ~-200m corresponding to the collapse pit area were end of mining in 2004. 
While the 304,305 rooms were at the level of -200m ~-250m, which were mined over now. No.Ⅳ ore 
body above the level of -310m was mined and the 402,403 rooms were within the collapse pit area. 
3. Numerical Simulation with PFC2D 
PFC2D can simulate the movement and the interaction of circular particles. The particles can represent 
the individual element, such as sand particle and it can also represent solid materials which are bonded 
together, such as concrete or rock [5]. PFC2D model is a collection of spherical particles with a specified 
size, the friction factor, shear and normal contact stiffness. Particles connections can be summarized as 
three following kinds: (a) contact connection; (b) parallel connection; (c) non-contact connection. The 
force and torque can be delivered in parallel connection between the particles; the contact connection can 
pass the force acting on the point of contact point. Determining the contact mechanical parameters and 
simulating the initial stress field is the foundation of particle simulation. For the particle flow simulation, 
three basic conditions must be specified: a collection of particles; type of contact and the mechanical 
properties of particles; boundary and initial conditions [6]. The circular particle (ball) is usually used to 
simulate the entity, with the wall simulating the boundary conditions and rigid materials. 
3.1 Selection of Meso-mechanical Parameters 
In order to get the right radius, normal and tangential stiffness, friction coefficient at grain contacts, the 
simulation process is repeatedly calibrated. Firstly, select specimens from the field for the uniaxial 
compression test, they are measured in physical and mechanical properties (Table 1). Uniaxial 
compressive strength (UCS) is based on macroscopic mechanical parameters as a reference, meso-
mechanical parameters are checked by the uniaxial compression tests with PFC2D. The uniaxial 
compressive strength, tensile strength andshear strength have certain proportional relationships, e.g. the 
tensile strength is 3% to 30% of the compressive strength and the shear strength is 7% to 15% of the 
compressive strength, thus the tensile strength and shear strength can be estimated [7]. Selecting the size of 
the specimen as 10cm × 20cm, consistent with the actual experiment, after repeated parameters- 
debugging and continuously adjusting, eventually the actual uniaxial compressive strength is consistent 
with the laboratory measured value (Figure 1). As a result, the meso-mechanical parameters for 
calculation are gained [8].     
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Table 1. Physical and mechanical parameters of  rock 
Rock name 
Bulk density 
(kN/m3) 
Tensile  
strength   
(Mpa) 
Compressive 
strength 
(MPa) 
Elastic  
modulus 
(Gpa) 
Bond force 
(Mpa) 
Friction 
coefficient 
Loess 16 0.06 0.1 0.14 0.1 0.37 
Hornfels 25 3.5 40 3.2 53 0.72 
Limestone 27 3.4 100 8 1570 0.81 
Skarn 32 8.7 140 30 1800 1.48 
 
                                          
 Fig. 1. (a) uniaxial compression test stress-strain curve of loess with particle flow simulation; (b) uniaxial compression test stress-
strain curve of  skarn with particle flow simulation 
Table 2. Particle flow simulation parameters of rock 
Rock name 
Normal stiffness 
 (MN/m) 
Tangential stiffness 
(MN/m) 
Normal strength 
(MN) 
Tangential strength 
(MN) 
Loess 1 1 0.05 0.05 
Hornfels 3e3 3e3 21 21 
Limestone 8e3 8e3 50 50 
Skarn 3e4 3e4 120 120 
3.2 Establishment of Particle Flow Model 
Because the mining elevation is -100~-590m; the surface elevation is about +30m; all four ore mining 
bodies are located between the elevation of -42~-309m, the particle flow numerical simulation is 
established with the level of 500m and the vertical excavation depth of 500m. 
 First point, four walls are established in turn in order to be used to simulate the boundary conditions of 
the rock and soil.  
 Second point, defining the range of diameter, and then generating particles in a given area, the rock 
body is generated randomly. Define the properties of particles, and then apply acceleration of gravity 
to balance the weight to eliminate the unbalanced force within the model. 
 Third point, according to the measured data: hornfels for the ore body roof of simulation zone, skarn 
for the floor, Quaternary thickness of about 60m, the surface elevation of +30 m, corresponding to the 
coordinate 370 and the particle flow simulation parameters of rock in Table 2, the meso-mechanical 
parameters of layers of rock are reset and weight self-balance. The equilibrium state is the initial stress 
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state of the roe body, numerical model shown in Figure 2, balance is reached when particles move 
increase less than 10-5. 
 Fourth point, determine the location of mining rooms and pillars(210,211,213,214 and 215 rooms were 
at the  mining level of-150m ~-200m; 301,302,304 and 305 rooms at the level of -200m ~ -234/250m 
had the height of 40~50m air top; No. Ⅳ ore body was above the level of -310m, 402 and 403 rooms 
were corresponding to the collapse pit), shown in Figure 2.  
 
  
Fig. 2. Particle flow simulation model of mine 
 Fifth point, the particles at the location of rooms and pillars are deleted gradually to simulate the mine 
excavation process. Each time the simulating excavation process is calculated until the displacement of 
rock particles is relatively stable. 
 Sixth point, monitor the contact forces between particles and the changes of unbalanced force and 
record and display the movement and the interaction of particles by setting “history” command in the 
calculation process [4]. 
4. Analysis of Accident and Particle Flow Simulation 
According to the accident and the results of particles flow numerical simulation, some conclusions can 
be reached as follow: 
 First point, from the process of the mine caving and ground subsidence, when ground collapse accident 
happened, the mine roof fall had occurred. The initial underground caving time was at noon on 
November 4. 
 Second point, 301,302,304 and 305 rooms had not been filled and pillars were dug losing instability, 
leading to its roof caving, spreading on 210,211,213,214 and 215 rooms at the-150m level in the 
northwest direction largely caving, until causing surface subsidence, shown in Figure 3. 
 
 
Fig. 3. Collapse consequence after room excavation  
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 Third point, the diameter of the surface initial collapse pit was 40m, depth 30m and gradually 
expanded to 80m with a sign of continuing to expand. Calculated with the diameter of 80m, the pit 
body size was 6.2 million m3. According to the features of Carboniferous hornfels, sandstone, shale for 
the ore body roof, the Quaternary thickness of about 60m, the underground caving volume was more 
than 15 million m3 by calculation, approximately according with the volume of the underground 
(Figure 4, set r=40m,h=30m). 
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 Fig. 4. Volume of collapse  pit 
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 Fourth point, with PFC2D shown in Figure 5, as the excavation of rooms and pillars, formation of 
hollows, the particle model roof collapsing, the surface particles collapse, causing surface subsidence, 
the black lines in Figure 5 which shows contact force. The results show that the contact forces are 
arranged in certain direction [7]. So the particle flow model simulates the mining subsidence process 
well.  
 
                                         
Fig. 5. Mine collapse consequence of particle flow model       Fig. 6. Mine collapse displacement of particle flow model 
 Fifth point, the small black arrows in Figure 6 indicates the displacement of mine collapse particles, 
particle flow model well showing the entire range of mining subsidence, and eventually the surface 
collapses. The result shows that the largest displacement of mining gob roof is 8.39m.  
 Sixth point, the collapse accident is not a one-time overall caving. From the initial stage of taking off 
to the stage of development and the stage of collapse and the stable stage, which is a relatively long 
collapse process. 
 Seventh point, the collapse accident does not have significant spatial characteristics. From the location 
of taking off, it isn’t a simple top-down or bottom-up order of caving, but affecting each other, 
working together, an overlapping and complex process. 
1704  LI Zhao and WANG Jin-an / Procedia Engineering 26 (2011) 1698 – 1704 LI Zhao et al / Procedia Engineering 00 (2011) 000–000 7 
 
5. Conclusions 
The collapse process is essentially one that broken ore particles slide, and also it is a process that the 
stress develops and changes. PFC2D well simulates the process of the mine collapse. Particle flow 
method has unique advantages in the simulation of mechanical behavior of broken ore particles, in the 
mechanical analysis of collapse process and in the collapse displacement of ores. That is, the theory of 
particle flow starting with the meso-particles parameters to simulate such large deformation is feasible 
and effective. From the accident, some measures and recommendations are proposed: (a) the warning 
signs should be set up near the collapse pit; (b) strengthen observations for mine subsidence; (c) the 
filling, backfilling methods are recommended for geological disasters; (d) strictly accord with relevant 
specifications and design documentation requirements for management and production activities; (e) 
carry out a comprehensive investigation of geological disasters. 
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